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***** (57) Abstract: An Asynchronous Transfer Mode (ATM)-based distributed network switching system includes an ATM switching 
^ network (26) that dynamically sets up individual switched virtual connections. The system also includes multiple access interworking 
function (A -IWF) devices each operating as a gateway that enables customer premises devices to directly interface into the distributed 
Q ATM switching fabric. The system further includes a centralized control and signaling interworkirig function (CS-IWF) device that 
^ performs call control functions and adminstrative functions and is adapted to interface narrowband and broadband signaling for call 
; 5^" processing and control within the ATM switching network (26). The CS-IWF device (30) may be a server fariri. ' 
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ATM-BASED DIST^UTEI) NETWORK SWITCHING SYSTEM 

CRQSS^REFERENGE TO RELATED APPLICATIONS 
This application is a continuation-in-part of pending U.S. Patent Application No. 
09/287,092, filed April 7, 1999, to George C. ALLEN Jr. et aL, entitled "ATM-based Distributed 
Virtual Tandem Switching System," which claims the benefit of U.S. Provisional Patent 
Application No. 60/083,640, filed on April 30, 1998, entitled ?I ATM-Based Distributed Virtual 
Tandem Switching System" to ALLEN et; al, the disclosures of which are expressly incorporated 
herein by reference in their entireties. 

SAGKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to telecommunications. More particularly, the present 

invention relates to anATM-based distributed network switching system for use within a public 
switched telephone network (PSTN). 

2. Background Information 

Today's network backbone is a consolidation of dissimilar networks, including, for 
example, asynchronous transfer mode (ATM), frame relay, time division multiplex (TDM), 
private line, etc. The variety of networks is necessary to accommodate Afferent types of access, 
e.g., xDSL, ISDN, line access, etc. 

The present day network backbone employs numerous protocols because each type of 
network requires its own protocols. Even within the voice network alone, there are multiple 
protocols and thus protocol conversions are required That is, an incoming protocol, e.g., Bellcore 
GR-303, communicates with digital loop carriers (DLCs) to control voice channels wining into 
the switch. Within the swftch, a different switch protocol transfers the traffic through the switch. 
To further complicate the situatipn, the internal switch protocol of each vendor is proprietary. 
Another protocol, i.e*, a trunk protocol (e.g., Signaling System 7 (SS7)), is necessary to move the 
traffic from the originating switch to the destination switch. The large number of protocols 
operating within the network backbone complicates communications across the backbone. 

The present day backbone has disadvantages other than a plethora of protocols. For 
example, each type of network is managed in a different manner with its own rnanagement system, 
often from a different location. Thus, many areas of expertise are required to manage the network 
backbone. In other words, a large number of engineers, having different skill sets, is required to 
manage the heterogeneous network. 
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The present day central office architecture also demands burdensome engineering and 
management. More specifically, each central office must be managed separately. To compound 
the problem, each central office has a unique configuration, different from each other central 
office. For example, different central offices may have different vendor's switches (switch types), 
5 : : as well as different switch hardwwe ODnfigurations. Thus, a variety of personnel, with different 
skill sets is required to manage a unique central office. In addition, the engineering of facilities 
and trunks between central offices and their switches consumes a large number 6JF personnel with 
unique skill sets as well as physical resources. 

It has been proposed to replace; tandem switches with a i^buted arcWtecture, referred 
10 to as Voice Trunking over ATM (VTOA), to reduce the number of trunks between central offices 
and accordingly engineering of trunks between end offices. VTOA is, however, limited to trunk 
interconnection (that is, service provider's switch interconnection as opposed to customer's 
access) and still requires the services of Class 5 switches. Consequently, even with VTOA, the 
network backbone requires multiple protocols and additional hardware to provide all the necessary 
15 switch interconnection. 

Another problem with today's voice network is that end office Class 5 switches, such as 
the Lucent 5ESS and Nortel DMS 100, are proprietary switches employing proprietary hardware 
and software. That is, upgrading and replacing of switches is not an easy task, in part due to this 
. proprietorship. Thus, a need exists for components with a generic hardware implementation that 
20 relies upon software and personality cards to provide specific functionality. 

The current network architecture does not distribute well ^ metropolitan area due 
• to the transport requirements and technology base of the current Class 5 switches. Thus, the 
current central office based telephony topology is coi^itrained to geographical boundaries and 
often requires digital loop carriers (DLCs) and other remote telephony units. There^ 
25 exists to replace today's end office Glass 5 switches with a distributed switching system. This will 
allow the extension of the central office switch boundaries to the controlled environment vault 
(CEV) of the carrier serving area (CSA) or even to the customer premises for medium and large 
customers. 

Thus, a need exists for a streamlined network backbone that allows all kind of access and 
30 is managed by a single management system from a single location or a limited number of 
locations. The management system should be able to converse with all components of the 
network using a single standardized protocol, significantly reducing the need for protocol 
conversion. It would also be desirable if proprietary hardware could be eliminated. Such a 
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network would only require expertise in a single area and thus would reduce iie personnel 
1 required for network management 
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The present invention is further described in the detailed description that follows, by 
reference to the noted plurality of drawings by way of non-limiting examples of embodiments of 
the present invention, in which like reference numerals present similar parts throughput several 
views of the drawings, and in which: 

Fig. 1 shows ah exemplary architecture of an ATM-based distributed network switching 
system, according to an aspect of the present invention; ; • 

Fig. 2 shows; an exemplary architecture of an ATTyl-based distributed 
switching system including an out-of-band signaling network, according to an aspect of the 
present invention; 

Fig . 3 show an exemplary server farm, according to an aspect of the present invention; 
Fig. 4 illustrates an exemplary trunk group architecture, according to an aspect of the 
present inyention; 

Fig. 5 shows a call flow diagram for a POTS connection setup, according to an aspect of 
the present invention; 

Fig. 6 shows a call flow diagram for a POTS connection release; according to an aspect 
of the present invention; 

Fig. 7 shows a call flow diagram for an ISDN connection setup; according to an aspect of 
the present invention; 

Fig. 8 shows a call flow diagram for an ISDN connection release, according to an aspect 
of the present invention; 

Fig. 9 shows an exemplary architecture of an ATM-based distributed network switching 
system for private line access, according to an aspect of the present invention; and 

Fig. 1 0 shows an exemplary private line setup flow, according to ah aspect of the present 
invention. 
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DETAILED DESCRIPTION OF THE EMBODmiENt t q 
lh view of foe foreg^^ 
distributed network switching system (ADNSS) to replace the standard network backbone. Such 
a system is streamlined and reduces necessary trunk groups without decreasing call processing 
5 volume. Moreover; the present invention enables residential and (mter^iise customer's desired 
access types to interface into the ne^ 

According to the present invention a new architecture of voice switching, the ATM Based 
Distributed Network Switching System (ADNSS), is provided. The new ^chitecture employs 
ATM technology as the network febric, a server farm for call control and administrative functions, 

1 0 and edge devices that provide traditional and new types of access to the network. The distributed 
edge devices are referred to generically as access interworking functions (or A-IWFs). The 
network fabric includes a distributed partial mesh of ATM switches. The server farm consists of 
a signaling gateway, a call control server, a billing server, a tone and announcement server, and 
a switch management server. 

1 5 According to an aspect of the present invention, an Asynchronous Transfer Mode (ATM) 

based distributed network switching system (ADNSS) is provided. Ilie system^ includes a 
v distributed ATM switching network; and multiple access intenvprkiiig function (A-IWF) devices 
each operating as a gateway that enables standard telephony access and data circuit type access 
to interface into the distributed ATM switching fabric, The system also includes a centralized 

20 • control and signaling interworking function (CS-IWF) device that performs call control functions 
and administrative; functions. The CS-IWF device is adapted to interface narrowband and 
broadband signaling for call processing and control within the ATM switching network and may 
be a server farm;. The server farm includes a signaling gateway that interfaces the CS-IWF to a 
narrowband network; a billing server that creates and collects call detail records for call attempts 

25 through the ADNSS; and a feature server that performs call control fractions. The feature server 
may include! a system management server that performs operations, admimstration, maintenance* 
and provisioning (OAM&P); and a call control server. The call control server performs call 
control functions and device contrpl functions for the A-IWFs. The call control server supports, 
transparent to the user, services and features currently supported by the Class 5 telephone switch. 

30 These services may include all switch based (e.g., call yraiting, three way calling cdl forwarding, 
etc.) and network based (calling line E), callingname delivery, automatic callback, etc.) features; : 
the server farm may also include a tone and announcement server that provides telephone 
network tones and announcements. 
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According to another aspect of the present invention, each A-IWF device also includes a 
line access interwoddng function (LA-IWF) that interfaces wathtwo or four wire loop customer 
premises devices that provide POTS, ISDN, Coin and xDSL telephony services. The LA-IWF 
may also include a trunk access interworking function that converts end office voice trunks from 
TDM channels to ATM cells by employing a circuit emulation service. Each LA-IWF may 
include personality cards, each personality card controUihg the type of access the LA-IWF 
accommodates. 

According to another aspect of the present invention, the A-IWF functions as a private 
line access interworking function (PLA-IWF) device that siipports dedicated bandwidth circuits 
mterfacing with customer private lines. In one embodiment, the private line circuits are setup and 
disconnected from a single point of provisioning. Moreover* the private line circuits are SVCs 
that guarantee a pre-specified bandwidth. If an SVC fails, the SVC is released and another SVC 
is established so that the failed SVC is restored. 

According to another aspect of the present invention, a method is provided for setting tip 
and connecting a call across an ATM-based distributed network switching system that includes 
an originating LA-IWF, a tenninating LA-IWF, and a LACPS. The method includes sc anning ; 
access devices with the originating LA-IWF to detect an off-hook condition of one of the access 
devices; and generating a dial tone from the LACPS and transmitting the dial tone via the 
originating LA-IWF to the off-hook access device. The method also includes collecting 
dialed digits at the originating LA-IWF and forwarding the digits to the LACPS; and determining 
a routing destination at the LACPS. The method further includes informing the terminating LA- 
IWF, associated with the routing destination, of a call tennination request and an address of the 
originating LA-IWF; and 

establishing a network path from the terminating IA-IWS to.the originating LA-IWF. 

In one embodiment, the originating LA-IWF provides the dial tone to the off-hdbk access 
device. The Morming may also include informing the originating LA-IWF of an address of the 
tenninating LA-IWF and a port where the dialed digits reside. In this case, establishing the 
network path also includes establishing a network path from the originating LA-IWF to the 
terminating LA-IWF. Alternatively, or in addition, the network path may be established from the 
originating LA-IWF to the terminating LA-IWF. In another embodiment, the LACPS performs 
administrative measurements, and uutiates billing of the call. 

According to another aspect of the present invention, a method is provided for 
provisioning a private line in an ATM based distributed network switching system. The method 
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includes receiving an order for a dedicated circuit from m originating office to a terminating 
office; and entering the order into a provisioning system to define the point to point circuit. The 
method also inchides determining idle port equipment; assigning a permanently assigned or 
"nailed up" SVC from the originating office to. the terminating office in a service order; and 

informing :a PLA-IWF associated with the originating bfiice that the SVC needs to be 
setup. The method further include formulating a message to setup the SVC; setting an internal 
cross connect from the port assigned by the service order to an ATM VPI/VCI assigned to the 
SVC; and informing a PLA-IWF associated with the terminating office that a port assigned by the 
service order will be slaved to the originating office's assigned port. The method also includes 
associating the ports; receiving the setup message from the originating office; and setting the 
cross-connect between the assigned ATM WI/VCI and TDM port. 

According to another aspect of the present invention, an Asynchronous Transfer Mode 
(ATM) based distributed network switching system (ApNSS) includes a distributed ATM 
switching network. The system also includes multiple access interworldng function (A-IWF) 
devices each operating as a gateway that gables customer premises devices to directly interface 
into the distributed ATM switching fabric. The system further includes a centralized control and 
signaling interworldng function (CS-IWF) device that perfprnis call control functions and 
administrative functions and is adapted to interface narrowband and broadband signaling for call 
processing and control within the ATM switching network. In one embodiment, each A-IWF 
includes personality cards, each personality card controlling the type of access the A-IWF 
accommodates: • 

According to another aspect of the present invention, an Asynchronous Transfer Mode 
(ATM) based distributed network switching system (ADNSS) includes an distributed! ATM 
switching network. The system also includes line access interworldng function (LA-IWF) 
devices, each operating as a gateway that enables customer premises devices to directly interface 
into the distributed ATM switching fabric. The LA-IWF interfaces with two or four wire loop 
customer premises devices that provide POTS, ISDN, Coin and xDSL telephony services. The 
system further includes a centralizal control and signaling ihterworking function (CS-IWF) device 
that performs call control functions and administrative functions and is adapted to interface 
narrowband and broadband signaling for call processing and control within the ATM switching 
network. The CS-IWF includes a server farm consisting pf a signaling gateway that interfaces the 
CS-IWF to a narrowband network, a billing server that creates and collects call detail records for 
call attempts through the ADNSS, and a feature server. The feature server includes a system 
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management server that performs operations, administration, maintenance, and provisioning 
' (OAM&P), a call <x>ntrol sei^CT that performs call control functions and device control functions 
for the A-IWFs. The call control server supports, transparent to the user, services and features 
currently supported by the Class 5 telephone switch, such as switch based (e.g., call waiting, three 
5 way calling, call forwarding, etc.) and network based (e.g., calling line ID, calling name delivery, 
automatic callback, etc.) features. The feature server also includes a tone and announcement 
server that provides telephone networi atobimcemeints. M ohe embodiments 

IWF includes persionality cards, i^chpeisonality card controlling the type of access the LA-IWF 
accommodates. Personality cards, as are well known, are service specific canjs specificaily built 

10 for a specific service. 

Referring now to Fig. 1 , the ATM-based distributed network switching system according 
to the present invention is desmbed. GWginating end office (interchangeably referred to as central 
office) building 20 and tenninating end office building 22 each typically house Class 5 switches 
such as the 5ESS available from Lucent Technologies, Inc. of Murray Hill, New Jersey, or the 

15 DMS 1 00 available from Northern Telecom Ltd. (Nortel Networks) of Canada However, any 
other Class 5 end office switch may be substituted for the Nortel and Lucent switches. Within 
<3ach end office building resides an access interworking function such as a line access interworking 
function (LA-IWF) 27; and a trunk access interworking (TA-IWF) function 28 (previously 
referred to as a T-IWF). Alternatively, the LA-IWF 27 can reside outside of the end office 

20 building and in the case of interfacing with an interexchange carrier (IXC) 29, the TA-IWF unit 
28 can reside outside of the end office building. Also shown is a signaling transfer point (STP) 
18. The signaling transfer "p'fbiht' 18 is''tyell kjapwxi in fte^^a^'inay^be -provided, 
by Alcatel of France. The signaling transfer point 18 c^ihmumcates with the end offices 20, 22 
via SS7 signaling. An asynchronous transfer mode (ATM) switching network 26 is also provided. 

25 The ATM switches within the network can be provided by vendors such as, but not limited to, 
Lucent Technologies, Cisco Systeins,Inc. of San Jose, California, or Nortel Networks. 

The TA-IWF 28 converts end office voice trunks from TDM channels to ATM cells. More 
particularly, the TA-IWF 28 segments the 64 Kbps bearer channels into ATM ceils in one 
direction and reassembles ATM cells in the 64 Kbps channels in the other direction. Preferably, 

30 the TA-IWFs 28 are distributed throughout the PSTN with a TA-IWF 28 corresponding to each 
end office 20, 22, An exemplary TA-IWF 28 is a Succession Multiservice Gateway (SMG) 4Q00, 
. provided by Nortel. However, any other suitable TA-IWF 28 may be employed. 
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The LA-IWF 27 supports line access functions for Plain Old Telephone Service (POTS), 
4 ISDN Digital Subscriber Line, Coin, Frame Relaiy, native AIM, SONET, and the xDSL family 
of data access lines. The LA-IWF 27 will also support future types of access as they become 
available. For the xDSL line the LA-IWF 27 supports the data channel to the data network. The 
5 function of the LA-IWF unit 27 is based on the card type, (personality cards) populated in 
. application card slots on the unit. The LA-IWF 27 can also incorporate the trunk interface 
functions of the T A-IWF 28 as well as private line and wireless access. That is, it is contemplated 
that the LA-IWF 27 and TA-IWF 28 units could merge into a common platform that would 
perform the access and trunk Amotions of the telephone switch as well as private line (data) access 
10 and wireless telephony access. 

The ATM-based distributed network requires a centralized control and signaling 
inteworking function (CS-IWF) device 30. Although described as a device, the CS-IWF 30 can 
be multiple devices or any combination of hardware anij software. The CS-IWF 30 performs 
necessary call control functions as well as conversion between a narrowband signaling, e.g., SS7 
15 protocol, and a broadband signaling protocol for cail processing and control wthin the ATM 

network. Preferably, a single CS-IWF 30 serves all IJ^WFs 27 arid TA-IWFs 28 in a . 
metropolitan area. An exemplary CS-IWF 30 is a Succession Call Server (SCS), provided by 
Nortel. However, any other suitable CS-IWF 30 may be employed. 

The LA-IWFs 27, TA-IWFs 28, the CS-IWF 30, the ATM switching network 26, and the 
20 interconnecting links together comprise the ATM-based distribute hetw^ switching system. 
The system is considered to be distributed because the switching fimctions are carried but in part 
by the LA-IWFs 27 that are located near the end offices 20, 22 in a distributed manner. 

Thus, the present invention reduces the total number of trunks heeded in an end office 20, 
22, improves trunk utilization, and reduces or eliminates the task of trunk forecasting and 
25 provisioning. According to one embodiment, for local calls, other than 91 1, directory assistance 
and operator calls, trunks can be altogether eliminated. Network based call centers can replace 
even these trunks. Furthermore, growth in tnmking needs by the end office switches 20, 22 can 
be more easily met because the TA-IWF aspect of the present invention allows scalability 
supported by ATM networks. The scalability is achieved because of the ATM network's greater 
30 bandwidth and the ATM , network's statistical multiplexing, which more .efficiently utilizes 
existing bandwidth. ' 
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' Deployment of the TA-IWFs 28 allows an end office 20, 22 to handle nonnal call volumes 

: while having only one or a few large trunk groves connected to the network, thus eliminating the 
need to provision separate trunk groups to different destination end offices. In addition, the total 
5 trunking bandwidth is shared by traffic to all destinations because ATM virtual connections are 
provisioned on demand by signaling. Consequently, bandwidth is not dedicated to any TDM 
vb v 

The trunk aa^s hiterworking function TA-IWF 28 is a device that is preferably located 
in the same structure or building that houses each aid office switch 20, 22. More particularly, the 
10 TA-IWF 28 is implementsd with one or more physical deuces that are external to the switch 21 j 
but within the same end office that houses the corresponding switches) 21. The reason for the 
co-location is that the sooner the TDM trunks are converted to ATM, the earlier the advantages • 
of ATM statistical multiplexing gains are enjoyed Because the TA-IWF 2.8 is physically located 
in the central office 20, 22, the TA-IWF 28 must meet the central office environmental 
15 requirements. In a preferred embodiment, network equipment building standards (NEBS) level 
3 is. satisfied, . . '7;,' - ';■ .,, 

Preferably, the TA-IWF 28 scales from less than 100 to 16,000 trunks; however, as new 
processors are developed, capacity will increase. According to a preferred embodiment, the 
. interface is Tl, T3, and OC-3 compatible on the TDM end and DS-3, OC-3, and OC-12 
20 compatible on the ATM side; Preferably the ATM signals are UNI 3.1, UNI 4.0, or PNNI 1.0 on 
the ATM side. Each call is carried by an ATM switched virtual connection setup via signaling, 
fie TA-IWF 28 acts as a multiplexer as opposed to a switch. That is, the switching function is 
not placed ^IB^^^^T^"^ The fmtcMng : fia^ucf&bA^GCin .instiBad be' ^w£lbii^tibue» -Ar- 
r»TW27, which could also perform the fimctions of theT^IWF 28. 
25 Multiplejiriipiementations are possible for the TA-IWF 28. It may be integrated into the 

switch 20, 22, may be inte^ted into an ATM edge switch, or may be provided as a stand-alone 
special purpose device having no switching capability. Providing the TA-IWF 28 within the ATM 
edge switch or as a stand-alone requires minimum or no change to existing switches 20, 22, 
Preferably, the TA-IWF 28 is closely co-located with the switch 20, 22 in the same end office in 
30 orfer to maximize truiildng efficiency. 

Because ATM is a packet oriented rather than circuit oriented technology, ATM must . 
emulate circuit characteristics in order to carry constant bit rate (GBR) traffic such as voice. This 
emulation is referred to as a circuit emulation service (CES). The TA-IWF 28 converts between 
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the 64 Kbps Irunks and ATM cells by employing a well known method of circuit emulation that 
is described in "Circuit Emulation Service Interoperability Specification Version 2.0" by The 
ATM Forum Technical Committee (January 1997), which is expressly incorporated herein by 
reference in its entirety. Preferably, the ^ctured cfi^td service level 1 (DS1) nx64 Kbps service 
5 described in the CES interoperatmg specification is employed to connect DS 1 equipment across 
emulated circiuis carried on an ATM network. The structured DS 1 nx64 Kbps circuit emulation 
system efficiently carries TDM trunks through the ATM tanking network. The structured DS 1 
CES requires ATM switches to treat one or more DSOs in a IT circuit as individual ATM virtual 
connections. 

10 According to the structured DS1 CES service, each interworking function is connected to 

an ATM network 26 via physical interfaces. The physical interfaces are ATM user network 
interface (UNI) physical interfaces that have two characteristics or requirements. The first 
requirement is that the ATM interface provides adequate bandwidth to carry nx64 traffic after 
segmentation. The second requirement is that the ATM interface must be able to convey timing 

15 traceable tq a piima^ reference ^urc ATM network to the inteawbrking function when 

external connection to network timing is not supported. The interworking functions are also 
connected to standard constant bit rate (CBR) circuits, such as end offices 20, 22. Connected in 
this manner, the interworking finictions extend the constant btt across the ATM 

network 26 in a manner transparent to the switches 20, 22. 

20 An important function of the circuit emulation service operating within the TA-IWF 28 

is the adaptation of circuit traffic to ATM cells. This fiinction is called the ATM adaptation. As 
described above, when time division multiplexed trunks are converted to ATM cells, the ATM 
adaptation process occurs. More generally, ATM adaptation refers to converting non-ATM 
formatted information into the size and format of ATM cells . [ For circuit traffic such as voice to 

25 be converted into ATM format, two adaptation layers that can be suitably used are ATM 
adaptation layer 1 (AAL1) and ATM adaptation layer 2 (AAL2). However, the present invention 
is not limited to AAL1 and AAL2 and other layers that can satisfactorily convert the traffic into 
ATM cells, such as AAL5, may be employed. 

According to one embodiment, the structured-DS 1 nx64 Kbps cirpuit emulation service 

30 : employs AALi such that circuit traffic is treated as constant bit rate (CBR) tr^c within the ATM 
switching systern. However, tlie system is not limited to AAJL1 and other protocols such as AAL2 
iMy be adopted to incorporate bandwidth saving features such as voice compression and silence 
suppression, which can further improve bandwidth efficiency. 



12 



WO 01/91379 PCT/US01/10825 

AALI has been standardized in both International Telecommunications Union 
' Telecommunication QTU-T) and American National Standards Institute (ANSI) since 1993 and 
is preferred for use with circuit emulation services due to its simplicity. AALI is designed to 
support constant bit rate services and allows the specification of peak cell rate, cell loss ratio, and 
cell delay variation. Depending on implementation, the peak cell rate bandwidth may be 
dedicate^ or g^anteed. 

" There is a difference belweeh (dedicated and gii'ar^teed bandwidth. When the peak cell 
rate bandwidth is said to be dedicated to the constant bit rate SCTvice, no other services can utilize 
any of the constant bit rate's bandwidth, even if it is not utilized by the constant bit rate service 
itself. However, if the peak cell rate bandwidth is guaranteed to the constant bit rate service, the 
unused portion of the constant bit rate's dedicated bandwidth can be utilized by other services, so 
long as the other services agree to return the bandwidth when the constant bit rate service needs • 

it. ; . 

AALi introduces additional delay because each AAL1 ATM connection carries 
information for only a single user. With voice input at 64 Kbps, it takes 5.875 milliseconds, or 
approximately six milliseconds to fill an AALI payioad of an ATM cell. , 

One alternative to AALI is AAL2. AAL2 started as a contribution to committee T1S 1 .5, 
an ANSI standards subcommittee, AAL2 was later introduced to the ITU-T Study Group 13 on 
May, 1996 under the temporary nanae of AAIrCU where CU stood for composite user. AAL2 
has now been defined in the ITU-T 

AAL2 enables voice to be carried as variable bit rate (VBR) data while maintaining its 
delay sensitive nature. AAL2's support for variable bit rate (VBR) traffic allows many bandwidth 
saving features, such as voice compression and silence suppression to be employed; Thesb 
features are discussed in more detail below. 

AAL2 enables multiple users to share a single ATM connection^ while Rowing each user 
to select a potentially different quality of service parameter. The structure of AAL2 also allows 
for the packing of short length packets into one or more ATM cells. In contrast to AALI, which 
has a fixed payioad size, AAL2 offers a variable payioad within cells and across cells. The 
variable payioad provides a dramatic improvement in bandwidth efficiency of the structured 
circuit emulation over AALI. 

An important aspect of AAL2 is the packet fill delay parameter. The packet fill delay 
parameter allows the network operator to set a time period during which AAL2 protocol data units 
are assembled and then segmented into ATM ceils. ThleT setting of this parameter allows the 
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network operator to control the cell construction delay. This allows the operator to trade off delay 
" and bandwidth efficiency in order to naeet the dday requirements; For 
example, for 64 Kbps pulse code modulation (PCM) voice to fill up an ATM cell, it takes six 
milliseconds. AAL2 can reduce this delay by half by setting the packet fill delay to 3 
milliseconds, which would result in each ATM cell payload being half filled. Thus, 50% 
bandwidth loss is traded for 50% less delay. 

Essentially what AAL1 or AAL2 allow is the choice of carrying voice trunks through an 
ATM network as constant bit rate traffic or variable bit rate traffic. If voice is sent as constant bit 
rate traffic, then ATM Forum's structured DS1 nx64 Kbps circulation emulation service using 
AAL1 is employed If voice is sent as real time variable bit rate traffic, then AAL2 as the ATM 
adaptation layer is employed, thus taking advantage of the many efficiency and performance 
enhancing features supported by AAL2. 

Control and Signaling Merworking Function 

The function of the CS-IWF 30 is to bridge between narrowband signaling in the PSTN 
and broadband signaling witMn the ATM network 26. Two types of interoffice signaling methods 
are employed in present day networks, common channel signaling (CCS) (i.e., narrowband 
signaling) and channel associated signaling (CAS). CAS is an older kind of signaling in which 
signaling infonnation is carried in the same bearer channel as the user information arid is of little 
concern to the present invention. 

Because the dominant interoffice signaling protocol currently in use is Signaling System 
7 (SS7), the CS-IWF 30 is provided for interacting with SS7 and enabling support of SS7 within 
the ATM network 26. SS7 is a common channel signal (CCS) protocol for call control 
information. The protocol is transported vk ^ 
bearer channels. 

With reference to Fig. 2, explanation is provided as to how the present invention supports 
the SS7 signaling within the ATM network 26 by preserving the existing SS7 signaling process . 
and the ISUP message integrity. The originating Class 5 switch within end office 20 sends its 
ISUP message to the signaling transfer point 18. Subsequently, the signaling transfer point 18 
forwards &e message to the CS-IWF 30, which translates incoming ISUP messages and controls 
the TA-IWF's 28 call setup procedure. For example, the unique point codes are translated into 
ATM addresses for the originating and terminating TA-IWFs 28. An ATM connection is then :- : 
established between the two TA-IWFs 28 yia an ATM signaling protocol, such as broadband- .:■ 
ISDN user part (B-ISUP) defined by the ITU-T, PNNI defined by the ATM Forum, or UNI 3.0, 
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3.1* 4.0 defined by the ATM Forum. On the destination side, the CS-IWF 30 composes an ISUP 
message and sends it to the signaling transfer point 18, which then completes the connection setup 
with ISUP messages to the destination end office 22. 

An exemplary call flow according to the present invention is now described with reference 
to Fig. 2. A moire detailed explanation can be found, however, in U.S. Patent Application No. 
09/287,092. After the originating eiid office 20 (i.e., the Class 5 swteh) creates an ISUiP message, 
the originating end office 20 sends the ISUP message to the signaling transfer point 18. The 
signaling transfer point 18 routes the ISUP message to the CS-IWF 30 via a set of A-links 
(connections between the end office and the STP). At the CS-IWF 30; the ISUP message is 
processed and call control information is distributed to the TA-IWFs 28 via the ATM network 26. 
The CS-IWF 30 also formulates an ISUP message regarding the receiving tri^ sends it back 
to the signaling transfer point 18. The signaling transfer point 18 routes the ISUP message to the 
terminating end office 22. The terminating end office 22 then reserves the corresponding trunk. 
At this point, an ATM virtual connection can be established between the TA-IWFs 28 to carry the 
voice traffic. Thus, the CS-IWF 30 converts between narrowband and ATM signaling to establish 
connections. The ATM virtual connections are dynamically set up by the system via signaling, 
as described below with reference to the SVCs. Although the signaling protocols must be 
standards based, such as ATM UNI or PfJNI, the exact protocol may vairy among 
implementations. 

■ Transporting the ISUP messages from the end offices 20, 22 can be accony)lished in two 
ways. The ISUP messages can be carried in the SS7 network without change, or the ISUP 
messages can be carried in the ATM network in at special ATM connection. According to one 
embodiment, the ISUP messages are carried in the SS7 network because it simplifies the TA- 
IWF's 28 responsibility and preserves the out of band, nature of the SS7 signaling network. 

The CS-IWF 30 should have a unique point code, even for a system with a redundant pair 
of CS^IWFs. Two sets of Tl interfaces to a mated pair of signaling tohsfer points should also be 
provided. In addition, an ATM OC-3 user to network interface (UM) to the ATM network should 
be provided. Preferably, the CS-IWF 30 supports a trunking network of at least 500,000 trunks 
and is able to connect 3,000,000 calls in a busy hour. As new processors are developed, capacity 
will increase. The CS-IWF 30 should preferably (but not necessarily) be a standalone, special 
purpose device. 

In one embodiment, the CS-IWF 30 employs a server farm concept, described with 
reference in Figure 3. The server farm concept allows for commercial grade computers meeting 
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standards applicable for telephone switching systems to perform control and administrative 
' functions for the ADl^SS. The following is a discussion of exemplary basic functionality 
necessary for telephone switching for lines and trunks. 

Figure 3 is a df awing of the call control and (operations j administration, maintenance, and 
5 provisioning) OAM&P connectivity within the geographically distributed ADNSS. The 
connectivity of functions is shown as a LAN/WAN arrangement ^Ihpugh alternate <x)imectivity 
is also possible. The boxes shown are intended to b^ 

performing specific functions dependent upon software load. The server farm also includes a 
signaling server function 400, a billing server 500, multiple narrowband access devices, land a 

10 broad band network interface/ 

The feature server 300 can be further divided into a switch management server function 
(SMS) 333 (also seen in Figure 1) performing OAM&P, a call control server function 350 
performing call control, and a tone and announcement server function 370 providing telephone 
network tdnes arid announcements. The call control function can be further divided into line 

15 access 354 and trunk access 356 call processing servers. This server farm concept allows the : 
product user flexibility in the selection of deployable feature set software while maintaining one 
or more common conimercial hardware platform(s) on which the software runs. 

The trunk access call processing server (TAGPS) function 356, relates directly to Class 
5 telephone switch trunk access functionality. Features supported by the Glass 5 telephone switch 

20 are supported on the ADNSS. This seiyCT function performs all device control and call processing 
functions for the TA-IWF 28. 

The line access call processing server (LACPS) function 354 also relates directly to Class 
5 telephone switch line access functionality. Sendees and features supported by the Class 5 
switch are supported; on the ADNSS. This server function performs all device and call control for 

25 ■ theIA-IWF.27; : 

The switch management server (SMS) 333 provides the switch operation, administration, 
maintenance, and provisioning (OAM&P) functionality. From this functional platform the user 
is able to deploy and activate the building block units of the ADNSS. It serves as the single point 
of interface for all Operations Support Systems (OSS). The SMS 333 collects performance data 

30 and traffic measurements and provides report generation capability for these data. The function 
also collects alarm indications generated by peripheral units of the ADNSS and formats them so 
that they are easily interpreted by maintenance personnel. The server acts as the maintenance; 
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interface to the ADNSS peripherals units for diagnoses of system troubles and software updates 
of system software. 

The network tones and announcement servo- function 570 provides a platform that is 
common to all ADNSS peripheral units. It provides, as necessary, the network based tones 

5 currently provided by the Class 5 switch. Example tones include the 120 IPM (impulses per 
minute) busy tone arid 60 IPM busy tone. The function should provide Class 5 switch generic 
network announcements as well as provide an interface to provide customized customer 
announcements. An example of a generic announcement is the vacant code, i.e., the number 
dialed is not a working dumber. 

10 The signaling server function 400 is the point of interface to the narrowband common 

channel Signaling Signaling System 7 (CCSSS7) network This server function provides the 
message interworkirig between the narrowband SS7 Integrated Services Digital Network User Part 
(ISUP), Transaction Capabilities Application Part (TCAP), Local Number Portability (LNP) 
database, and Advanced Intelligent Network (AIN) databases and the ADNSS feature server 

15 functions. The signaling network gateway Action 400 thus allows the ADNSS feature server 
30Q to launch transactions to all of the services associated with these components. 

The billing server function 500 creates or collects call detail records for all call attempts 
: through the ADNSS. These callattempts include all short duration, long duration, and normal 
calls. Short duration calls are usually less than a few seconds whereas long duration calls extend 

20 over the midnight time boundary. This function is the single point of interface for bulk billing 
collector systems and provides the various formats the different collectors require. The most 
prominent example of one such function that could be employed is Bellcore AMA Format (BAF). 

The narrowband access devices include the A-IWF. It allows for multiple types (POTS, 
ISDN, xDSL, etc.) of access to the broadband network. The broadband network interface includes 

25 transport devices (ATM switches, Frame Relay switches, etc.) that provide switching and transport 
of packet traffic between two distant points. 
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From an implementation point of view, the TA-IWF 28/LA-IWF27 andthe CS-IWF 30 
can be separate. In the iUustrat^ embodmen^ the CS-IWF 30 centrally serves multiple LA-IWFs 
27 and TA-IWFs 28. Alternatively, one CS-IWF 30 may serve a respective one TA-IWF 28/LA- 
IWF27. = 

Line Aepess Inteworking Function 
^ tt^ line access int ^working function is the gateway that allows any tfandalrd 

telephony or data circuit type access to interface into the distributed switching fabric of the 
ADNSS. The LA-IWF in the ADNSS functions as the interface for multiple two or four wire loop 
customer premise devices that provide POTS, ISDN; Coin andxDSL telephony services. Tb& 
unit provides Class 5 telephone switch subscriber line BORSCHT functionality to these interfaces. 
Examples of BORSCHT functions are: 
B- Battery supply to subscriber lines. 

O-^ Over-voltage protection, i.e., line card secondary protection. 
R- Ringing current supply, i.e., power ring. 

S- Supervision of the subscriber device, i.e., the line scanning function that , detects requests for 
service. . 

C- Coder/decoder functions, i.e., the analog to digital conversion. 
H- Hybrid, i.e., the 2 wire to 4 wire conversion. 

T- Test, i.e. • test access to physical facility as well as digital test access when necessary. 

Other functions performed by this unit may include: dial tone generation to alert the 
customer that the system is prepared to receive dialed digits; dial pulse or dual tone multi-; 
frequency recognition dew to decode dialed digits; and hairpin capability for calls to another 
subscriber on the same unit. The LA-IWF may also perform a function to provide nailed up 
connection capability. That is, under the control of provisioning from the SMS, an SVC is set up 
from access interface to access interface between units within the ADNSS. This SVC will stay 
active until disconnected by SMS provisioning and will recover automatically from any network 
fabric fault along its route. 

The LA-IWF can act as a Service Access Multiplexer (SAM) under the control of the CS- 
IWF without having the limitations associated with the SAM. That is, although the SAM is 
service specific, limited to interfacing ATM with either ATM or frame relay, and only ftmctions 
with private lines, the LA-IWF operates with any kind of access. The LACPS function of the CS- 
IWF provides device control and call processing functions for the LA-IWF. An industry standard 
call control protocol is employed between the LACPS and LA-IWF. Examples are: the ITU's 
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H.323; the emerging Session Initiated Protocol (SIP); arid the IETF and ITU H.248 MEGACO. 

According to an aspect of the present invention, the TAJWF is expanded and eyplves into 
the LA-IWF, making the architecture a true network: switching system for any type of access. 

According to an embodiment of the present invention, silence suppression can be 
employed. Silence suppression is a mechanism for saving extra network bandwidth bylnot 
transmitting the pauses in a voice conversation iiitd the network. Silence suppression can be 
employed on the sender's end by not generating voice samples when the speech level is below a 
given threshold With adaptive differential pulse code modulation (ADPCM), the silence 
suppression results in fewer bits per sample during speech inactivity. Silence suppression can be 
performed in an ATM trunking iietworic, for example, by a voice module on an ATM edge switch. 
The voice module detects silence and stops the transmission of these silent intervals into the ATM 
network. 

Silence suppression also suffers from side effects. For example, because silence 
suppression removes background noise, a listener may think that the line has been disconnected 
when a pause in the conversation occurs. Silence suppression also increases the ATM cell; 
construction delay and adds variability to the delay. Silence suppression should always be 
disabled when fax or modem tones are detected For ATM txuhking, the silence suppression : 
feature is not required; however, the availability of silence suppression does improve network 
.'efficiency.';.. 

Voice compression is another way of saving network bandwidth. Voice compression 
employs adgorifhins such as ADPCM to reduce standard PCM 64 Kbps voice tone to 32 Kbps, 24 
Kbps, 16 Kbps, or even 8 Kbps. However, the side effects of voice compression are degraded 
voice quality and increased ATM cell construction delay. As with silence suppression, voice 
compression is not required but may be employed in an embodiment ofthe present invention. 

ATM trunking for narrowband services introduces delay additional to the delay caused by 
transport over the ATM network. The additional delay is primarily associated with buffering to 
accommodate cell delay variation introduced by the ATM network and cell construction delay. 
Thus, the three types of delay that voice traffic may experience when carried by an ATM network 
are: ATM switch and network transit delay, buffering delay in the ATM switch to accommodate 
cell delay variation, and ATM cell construction delay. "While the first two types of delay are 
dependent on switch design* physical medium, distance, and traffic condition, etc., the ATM cell 
construction delay, when employing the AAL1 circuit emulation service, is fixed. As mentioned 
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above, for 64 Kbps pulse code modulated (PCM) voice, it takes six milliseconds to fill an ATM 
cell with a single voice channel. The total echo path time is thus; 12 milliseconds plus additional 
transit and buffering delays. For compressed voice, for example 32 Kbps using ADPCM, the 
delay will be doubled to 24 milliseconds because it how takes twice as long to fill an ATM cell 
with the speech data of a single voice channel. . 

In order to counteract excessive delay, appropriate echo control measures are eimploybd 
on all speech connections where end delay is significant. According to a preferred embodiment, 
an active echo control device is employed on all Connections that exceed the total one way talk 
or echo transmission path of 25 milliseconds. 

ATM Based Network Fabric 

The ATM network 26 will now be discussed. From a physical connection point of view, 
the ATM trunks between switching offices may be set up with direct point-to-point fibers or by 
means of a synchronous optical network (SOttET) ring. Logically, however, ATM allows the 
interoffice trunks to be set up in many different ways. Thus, within the ATM switching network 
26, originating and terminating trunks are preferably connected by means of virtual connections 
set up in one of three ways. 

According to a preferred embodiment of the invention, individual switched virtual 
connections (SVC) are provided in which an ATM switched virtual connection is established for 
each nx64 Kbps call. When utilizing individual switched virtual connections, the switched virtual 
connections are dynamically provisioned via signaling and a peak cell rate is set equal to nx64 
Kbps. Available ATM network bandwidth that would otherwise be dedicated to carrying voice 
traffic can be utilized by bther data applications oh a dynamic basils. Individual switched virtual 
connections have the advantage that they are automatically set up, and on demand provisioning 
results in trunk bandwidth efficiency. 

According to another embodiment, a mesh permanent virtual path (PVP) is providedL ^ The ■ 
mesh permanent virtual path establishes an ATM permanent virtual path across the ATM tandem 
network between every two end offices. Thus, the permanent virtual paths are manually 
provisioned with a peak cell rate equal to the size of the existing trunk group between the two aid 
offices. As with individual switched virtual connections, available ATM network bandwidth that 
would otherwise be dedicated to carrying voice traffic can be utilized by other data applications 
on a dynamic basis. Ainong the advantages of the mesh permanent virtual path are that little or 
no signaling is required, depending upon how many virtual connections are used within the 
permanent virtual paths. That is, all that is required is getting allocated within a path: no set up 
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is required. In addition, every end office perceives direct trunks with every other end office. 
However, the mesh pennment virtual path requires manual provisioning and the preaUoc^t^ aiid 
guaranteed constant bit rate bandwidth reduces trunk bandwidth efficiency. 

According to yet another embodiment, a star permanent virtual path can be provided. With 
5 a star permanent ; \ortual path, a single ATM pranaheiit virtual path is established between each 
end office and the ATM tandem network. The permanent virtual path is manually provisioned 
such that only one permanent virtual path is provisioned and a peak cell rate is set equal to the 
sum of all the trunks of the end office. As with the other two systems, available ATM network 
bandwidth that would otherwise be dedicated to carrying voice traffic can be utilized by other data 

10 applications on a dynamic basis. Similar to the mesh permanent virtual path, the star permanent 
virtual path has the advantage of little or no signaling, depending on if and how virtual 
connections are used in the permanent virtual path. Moreover, each end office perceives a single 
tandem trunk. In addition, switch translation is easy because it appears that a single trunk leaves 
each end office. Thus, all traffic is directed to that trunk group. However, the star permanent 

15 virtual path has the drawbacks of manual provisioning,: and preallocated and guaranteed constant 
bit rate bandwidth reduces trunk bandwidth efficiency. 

The star permanent virtual path and the mesh permanent .y^4-P^|^(ive the majority 
: of ihp call isbtiip load; from the switch by utiligbpg .manually provisioned permanent virtual paths. 
Utilizing the individual switched virtual connection increases call setup load due to the 

20 elimination of direct trunks. • 

When the TA-IWF is combined with the LA-IWF, the presealt invention allows for savings 
in three bro ad categories: end office trunk termination reduction and/or growth oflsets;bandwidth 
reduction on transport facilities associated with end office trunk termination reduction, and 
administrative savings associated with trunk forecasting and trunk record keeping. 

25 The use of large trunk groups according to the present invention creates an increased 

carrying capacity that results in a reduction in end office trunk unit requirements. The reduction 
allows for a decrease in capital outlays for trunk units and/or allows for more rapid response to 
the increasing trunk requirements brought about by new traffic such as Internet access traffic. 
Bandwidth reduction on transport facilities also occurs because current interoffice trunks 

30 utilize bandwidth whether the trunk is in use or not. The present invention permits trunks to 
utilize bandwidth on transport facilities only when the trunk is in use. When the trunk is idle, no 
bandwidth on the transport facility is required; During low traffic periods such asiate evenings 
and early mornings, available bandwidth on the transport facilities could increase in excess of 
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50%. Consequently, the bandwidth is available for other applications, such as data or file 
: - transfers. 

Administrative savings are realized in two areas, tank forecasting and trunk record 
keeping. The nature of tninking today requires huge mv^tments iii hardware and software for 
5 systems to keep tr^k of individual interoffice tnmks. The jpi^ent invention reduces the need for 
such detailed record ke^in^ by individiial thinks becaiise jttie trunks are virtual; Therefore, 
individual tninks spanning the network exist only when the caUs are in progress. Consequently, 
keeping records oh ihiimcta^ 

Trunk forecasting and provisioning for thousands of individual trunk groups can be 
10 reduced to just a few trunk groups per end office or no trunk groups when network based call 
centers are employed. Call loads for the end office can be used to forecast trunk requirements 
rather than requiring individual trunk and trunk group measurements. Data collection can also be 
simplified due to a reduction in the amount of data needed to accurately me asure offic e carrying 
capacity loads. 

15 The ADNSS is based on the existing generic switching system architecture. In other word, 

; - the ADNSS has the three basic functions of a switch: administration and control performed by the 
CS-IW; network fabric functions performed by the distributed ^^al mesh ATM switches* arid 
peripheral interface units consisting of theLA-I^^ and TA^r^ units. 

■'■ • Iriitially, the TA-IWF performs the trunk interface and TDM to ATM circuit emulation 
20 service (CES) function* The TA-IWF suppprts TDM transmission rates from DS1 up through 
direct interfaces. It also supports ATM transmission rates from DS3 up through direct interfaces. 

The LA-IWF supports line access functions for, inter alia, Plain Old Telephone Service 
(POTS), ISDN Digital Subscriber Line, Coin arid the xDSL family of data access lines. For the 

25 xDSL line, the LA-IWF supports the data channel to the data network. The function of the LA- 
IWF unit is based on the card type, (personality cards) populated in application card slots on the 
unit. The LA-IWF can also incorporate the trunk interface functions as well as private line arid 
wireless access. That is, it is contemplated that the LA-IWF and TA-IWF units could merge into 
a common platform that would perform the access arid trunk functions of the telephone switch as 

30 well as private line access and wireless telephony access. 

The LA-IWF unit provides the advantages of facilitating the development of tiie virtual 
central office concept. This virtual central office aliows movement away from the traditional 
geographic bounded CO that dominates the industry today, By removing these boundaries the 
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need for Digital Loop Carriers (DLGs) and other remote telephony units will disappear The 
boundaries ofthe virtual central office wittnow extend to the controlled enviroiimeiit vault (CE V) 
of the earner serving area (CSA) and to the customer premises for medium and large customers. 

• Call Flows 

5 ' Trunk access 

A call flow scenario for trunk access is now described with reference to Fig. 4. Initially; 
a calling party 19, e.g., 235-1111 dials a destination 23, e.g., 676-2222. The calling party's end 
office 20 (end office A) collects the dialed digits corresponding to the called number and checks 
'■ routing tables to determine the end office that is connected to the dialed destination. After 
10 determining the destination end office 22 (end office B), end office A finds a trunk (e.g., trunk 6) 
connecting to end office A's TA-IWF 28. Assuming that the trunk is idle, end office A reserves 
. trunk 6. • • 

End office A then initiates an SS7 IAM message containing, among other information, 
the following: signaling transfer point routing address of the CS-IWF 30; calling telephone 
15 number, called telephone number, and trunk identification (CIG) for trunk 6. After the signaling 
transfer point 1 8 receives the IAM message, the signaling transfer point 1 8 forwards the message 
to the CS-IWF 30. The CS-IWF 30, based on the calling telephone number, identifies the 
originating TA-IWF 28 (TA-IWF A) withits ATM address or other identifier^ ^ 
then sends the ClC to TA-IWF A via an ATM message thrbugh the ATM network (i.e., in-band 
20 signaling). The CS-IWF 30, based on the called telephone number, identifies the destination TA- 
IWF 28 (TA-IWF B) with its ATM address or other identifier. The CS-IWF 30 then sends a 
request to TA-IWF B for an idle trunk, via an ATM connection (ie., inband signaling) in the 
ATMnetwork26. 

TA-IWF A receives the message from the CS-IWF 30, and based on the received CIC, 
25 determines the corresponding DS0 channel on its line interfaces, TA-IWF B also receives a 
request from the CS-IWF 30. Accordingly, TA-IWF B finds an idle DS0 channel on its line 
interfaces and reserves it, ag. 3 trunk 35. TA-IWF B determines the CIC for this DS0 and sends 
the CIC to the CS-IWF 30 via an ATM message. 

The CS-IWF 30 receives the message from TA-IWF' B and sends an IAM message to the 
30 .:: signaling transfer point 1 8 containing, among other in&ni^on, the following: signaling transfer 
point routing address of end office B, calling telephone number; called, telephone number, and 
trunk identification (CIC). The signaling transfer point 18 receives the IAM message and 
forwards it to end office B. 
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Bid office B receives the IAM message and uses the received CIC to reserve the 
corresponding trunk, e.g., trunk 35. End office B checks the callbd telephone number for bn-hook 
and active call features. End office B holds the line, applies ringing to the line and a ring tone to 
trunk 35 (assuming that 676-2222 is on-hook). End office B then connects the line to trunk 35 
5 and initiates an SS7 ACM message to the signaling transfer point 18. 

The signaling transfer point 1 8 receives the ACM message and forwards it to the CS-IWF 
30. When the CS-IWF 30 receives the ACM message, the CS-IWF 30 sends the message to TA- 
IWF A, requesting that TA-IWF A bstablishes an ATM connection with TA-IWF B or vice versa. 
That is, TA-IWF B can establish a connection with TA-IWF A. 

10 In response to the received message, TA-IWF A establishes a (54 Kbps CBR connection 

with TA-IWF B. TA-IWF A also maps the appropriate DS0 to the outgoing switched virtual 
connection. At the same time, TA-IWF B associates the incoming switched viilual connection 
to the corresponding^^ the connection is established, TA-IWF A sends an ATM message 
to the CS-IWF 30, indicating the establishment of the ATM connection. 

15 The CS-IWF 30 receives the message from TA-IWF A 28 and the CS-IWF 30 sends an 

ACM message to the signaling transfer point 18. The signaling transfer point 18 receives the 
ACM message and forwards it to end office A End office A receives the ACM message from the 
signaling transfer point 18 and connects 235-1111 to trunk 6. 

Consequently, the calling party 19 at 235-1111 hears the ringing tone. When the 

20 destination 23 at 676-2222 picks up the phone, end office B detects the off-hook and removes the 
••: ringing tone. End office B then initiates ah ANM message to the signaling transfer point 18. The 
signaling transfer point 18 receives the ANM message and forwards it to the CS-IWF 30. The CS- 
IWF 30 receives the; A1SM message from the signaling transfer point 18 and initiates ah ANM 
message to the signaling transfer point 18. 

25 : ■ ; The isignaling transfer point 18 receives the ANM message from the CS-IWF 30, and 
forwards it to end office A- End office A receives the ANM message from the signaling transfer 
point 18 and starts necessary billing measurement Finally, the calling party 19 at 235-1 111 talks 
to the destination 23 at 676-2222. 

A more detailed description of the call flow described above appears in parent U.S. Patent 
30 Application No. 09/287,092. - 

:;: Line Access . 

Figure 5 is an example of a POTS call flow for setting up a connection, according to an 
embodiment of the present invention. Although the call flow is similar to a standard call flow, the 
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components executing the process are novel, M the following description, the LA-tWF is 
discussed as two separate components; the peisonality card or line interface; and the IA-IWF 
Processor, or brains of the U4WF;;M the ongmaring LA-IWF Processor function detects 
an access device request for service. With POTS, xDSL base band and Coin services the sensor 
5 is typically attache^ to the line that detects current flow when the telephone hand set is taken ofif- 
tiook. These line sensors are scanned periodically by devices, e.g., the LA-IWF Processor, for this 
indication. When the IA-IWF Processor recognizes the request* it initiates the setup of apath to 
a tone generation device that provides dial tone. This tone device may be present in the LA-IWF 
or it may be a pooled resource on a sierver common to several or all LA-IWFs, such as the CS- 
10 IWF. Industry standard tones are provided in this manner. Any per-service initiation network 
protection tests should be performed during this intervaL 

Once dial tone is present, line supervision is passed to a device just prior to the two wire 
to four wire hybrid. With dial tone present at the user interface, industry standard timing is 
employed. Upon detection of the fust dialed digit, tone or pulse, the path to the tone generator is 
15 removed (i.e., the path from the tone generator to the end user is released) and the line is 
connected to a decoder device that interprets the digit Industry standard timing is employed 
during this process. This decoder device may be present in the IA-IW or; it may be a pooled 
resource on a server coiomon to several or all lArlWFs. Once the digits are collected they are 
: passed to the LAGPS using a standard call control protocol, e.g., ITU H.323, SIP or IETF and ITU 
20 H.248MEGACO. 

The LACPS performs routing ori dialed digits and M 
address of the terminating LA-IWF and the port where the dialed digits reside and passes control 
back to the originating LA-IWF for call sptup. Alternatively, the LACPS informs the terminating 
LA-IWF that one of its ports is being called and passes control to the tenninating IA-IWF for call 
25 setup. Alternatively, the LACPS can control the entire call.- These three alternatives impact where 
the call control intelligence and processor power should reside. The backward connect method 
. will be now described. 

When the terminating 1^ becomes aware of a call, the terminating LA-IWF begins 
the pre-ringihg network integrity tests on the line while establishing the network path back to the 
30 ; originating LA-IWF using industry standard protocols. Once the pre-ring tests are successfully 
coinpleted, power ringing is applied to the line via a resource that resides in the teni^ating LA- 
. • IWF. In parallel, the terminating IA-]NVF provides audible ringing over the path established to 
the originating LA-IWF. This ringing resource resides in the terminating LA-IWF. At the 
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originating LA-IWF the receive side of the hybrid is cut through to provide the user audible 
ringing. 

When the caU^d user answers, the terminating 1^-IWF informs the originating LA-IWF, 
which cuts through the transmit side of the hybrid to allow full duplex communication. The 

5 terminating tA-IWF also informs the LACPS of the answer, the LACPS then performs the 
appropriate administrative measurements count update and initiates billing of the call, if required. 

Figure 6 shows an exemplary POTS call flow for releasing a line. Once the access devices 
ends services, e.g.^ hangs up the telephone, line supervision detects an on-hook condition. As a 
result, the pri^ating LA-IWF releases the path. The teniidmting LA-IWF then sends a message 

10 acknowledging release to the originating LA-IWF, which releases its path to the line interface. 
Finally, after the network path has been released, line scanning is restored. 

Figure 7 shows an exemplary ISDN call flow, which is similar to tile POTS flow except 
the ISDN flow requires a D-channel processor function, which is well known, in the ADNSS 
architecture. This D-channel function could reside in the originating LA-IWF or LACPS 

15 ■ - dependent upon where the processing power is placed. Dial tone is supplied by the ISDN device 
and the well known En-bloc method of protocol message exchange could be employed. Upon 
receipt of the KDN setup message, the originating LA-IWF sends the dialed number to the 
LACPS and the setup scenario follows the POTS flow described above. At the terminating LA- :. 
IWF the D-channel processor function sends a setup message to the ISDN device. It then follows 

20 the POTS scenario with audible ringing and answer. ISDN release, shown in Figure 8, is similar 
to the POTS scenario, except that the initial release is to the D-channel processor, and after the 
network path has been released* a message confirming the release is sent from the D-channel 
processor. ' 
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Private Line Access 
The present invention also has appUcahUity mpioyisioniiig l 
Cap circuits). Provisioning leased private lines in today's network is a complicated and error 
prone process. Using the proposed ATM network, much of the complexity and provisioning can 
5 be eliminated, owing to ATMs capability of automatically setting up^ connections via signaling. 
Only the tail circuits at the end points need to be manually provisioned and maintained. 
According to this ^bodiment^ a private line access intei^orking function is provided. 

The private line access interwoiking Sanction (PI^-IWF) is a unit that is capable of : 
supporting dedicated bandwidth pipes that provide the interface for customer private lines. The 
10 lowest data signaling (DS) level supported is DS1 or 1.544 Mbps then progressing to the DS3, 
STS1, and QC3 rates. This unit also should have ATM SAM capabilities. Although the PLA- 
IWF could be a separate device, in Figure 9 the TA-IWF 28 provides the private line functionality. 
Alternatively* the LA-IWF could provide such functionality. 

; Unit device and circuit setup is under the control of the LACPS. Circuits are set up across 
15 the ADNSS by provisioning done in the SMS and executed by the LACPS. The circuit may be 
a nailed up ATM SVC that will guarantee the contracted bandwidth to the customer. This 
contoted b^dwidth may be CBR, variable bit rate real time (VBR^ T ), variable bit rate ncm-real 
^ ttpae(^ 

According to this embodiment, the SVC is only disconnected by provisioning, allowing 
20 the paradigm of a redundant private line. If there is a failure in the ATM network path for this 
private line, a release will be issued and the originating PLA-IWF will issue another connect 
message that will re-establish the SVC, thus restoring the failed private line. .. 

The PLA-IWF is under the control of the LACPS. the private line in the ADNSS is 
similar, to the nailed up circuit in the Oass 5 switch. It is a provision 
25 of the differences is the size of the pipe that is established. In the Class 5 switch a nailed up 
circuit is DSO based and uses a fixed TDM resource. In ADNSS this nailed up circuit may be of 
any bandwidth up to OC3 . This bandwidth is provisioned via an SVC from PLA-IWF to PLA- 
IWF. This allows the single point of provisioning for an ATM based circuit from PLA-IWF to 
'•; PLA-IWF. 

.30 . An ADNSS private line setup flow scenario is now described, with reference to Figure 1 0. 

■ r!jnitially, the service order center takes an order for a 1.544 Mbps circuit across the network from 
; office A to office B. Tte service order clerk enters the servipe order into a flow through 



27 



NO 01/91379 



Page 30 of 46 



WO 01/91379 PCT/US01/10825 

provisioning system (or optionally directly into the ADNSS) with the proper attributes that define 
the point to point circuit 

. As the order flows through the provisioning system, appropriate inventory systems are queried 
for idle port equipment assignments and then are updated when the ports are incorporated into the 
5 service order. 

A mechanized service order interface to the SMS allows the flow through provisioning 
system to assign a nailed up SVC from office A to office B. The assignment is accomplished by 
associating the office A PLA-IWF port to the office B PLA-IWF port and assigning the 
bandwidth, 1.544 Mbps, to the port. 
10 When the provisioning system is finished with the input of circuit descriptive information into the 
SMS, it instructs the SMS to execute the order. 

The system updates its database and downloads the new provisioning info^ to the 
LACPS for action. The LACPS then informs the master office A's PLA-IWF, as defined by the 
circuit descriptive information, that it needs to set up an SVC. Office A's PLA-IWF or a proxy 
15 function formulates a standards based (e.g., UNI 4.0, PNNI 1 .0, etc.) protocol message to set up 
the SVC through the ATM network. 

Office A's PLA-IWF sets an internal cross-connect from the TDM port assigned by the 
service order to the ATM VPI/VCI assigned to the SVC. 

The LACPS then informs the slave office B's PLA-IWF that a TDM port is assigned by the 
20 service order and that this port will be slaved to office A's assigned port. Via standards based 
protocols (e.g., BICC, etc.) the broadband and narrow band ports are associated, Upon receipt of 
the setup message from office A's PLA-IWF, office B's PLA-IWF sets the cross-connect between 
the assigned ATM VP WCl and TDM port. At this time the circuit is available for customer 
: equipment attachment. Upon completion of this attachment and line up tests, the circuit may be 
25 placed into service. .. 

Although the invention has been described with reference to several exemplary 
embodiments, it is understood that the words that have been used are words of description and 
; illustration, rather than words of limitation. Changes may be made within the purview of the 
appended claims, as presently stated and as amended, without departing from the scope and spirit 
30 of the invention in its aspects. Although the invention has been described with reference to 
particular means, materials and embodiments, the invention is not intended to be limited to the 
particulars disclosed; rather, the invention extends to all functionally equivalent structures, 
methods, and uses such as are within the scope of the appended claims. For example, because the 
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ADNSS is a plug and play system, it is contemplated that ADNSS will wqik with totiemet 
Protocol (EP) systems. Furthermore, ADNSS can migrate from ATM cells to a newer high speed 
backbone, e.g., terabyte switching, as it becomes more widely available. 

In accordance with various embodiments of the present invention, some of the methods 
5 described herein are intended for operation as software programs raining on a computer 
processor. Dedicated h^dware implementations including,:but not limited to, application specific 
integrated circuits, programmable logic arrays and other hardware devices can likewise be 
constructed to implement the methods described herein. Rirthennore, alternative software 
implementations including, but not limited to, distributed processing or component/object 

10 distributed processing, parallel processing, or virtual machine processing can also be constructed 
to implement the methods described herein. . 

It should also be noted that the software implementations of the present invention as 
described herein are optionally stored on a tangible storage medium, such as: a magnetic medium 
such as adisk or tape; a magneto-optical or optical medium such as a disk; or a solid state medium 

15 such as a memory card or other package that houses one or more read-only (nbn-volatile) 
memories, random access memories, or other re-writable (volatile) memories. A digital file 
attachment to email or other self-contained information archive or set of archives is considered 
a distribution medium equivalent to a tangible storage: medium. Accordingly^ the invention is 
considered to include a tangible storage medium or distribution medium, as listed herein and 

20 including art-recognized equivalents and successor media, in which the software implementations 
herein are stored. 

Although the present specification describes components and functions implemented in 
the embodiments with reference to particular standards and protocols, the invention is not limited 
to such standards and protocols. Each of the standards represents examples of the state of the art 
25 Such standards are periodically superseded by fester or more efficient equivalents having 
essentially the; same functions. Accordingly, replacement standards arid protocols having the same 
functions aire and will be considered equivalents to those set forth herein. 
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WHAT IS CLAIMED: 

1. An Asynchronous Transfer Mode (ATM) based distributed network switching system 
(ADNSS), comprising: 

a distributed ATM switching network; 

a plurality of access interworking fbnction (A-IWF) devices each qperating as a gateway 
interfacing standard telephony access and data circuit type access into the distributed ATM 
switching network; and 

a centralized control and signaling interworking function (CSrIWFj device that performs 
call control functions and administrative functions for call processing and cbntrol within the ATM 
switching network; 

wherein the ADNSS replaces a standard network backbone and allows a plurality of access 
types to interface into the ATM switching network 

2. The ADNSS of claim 1, in which the CS-IWF further comprises a server farm 
comprising: 

a signaling gateway that interfaces the CS-IWF to a narrowband network; 
a billing server that creates and collects call detail records for call attempts through the 
ADNSS; and 

a feature server that performs call control functions; 

3. The ADNSS of claim 2, in which the feature server further comprises: 

a system management server that performs operations, administration, maintenance, and 
provisioning (OAM&P); : 

a call control server that performs call control functions and device control functions for 
the A-IWFs, the call control server supporting services and features supported by a telephone 
switch, and a tone and announcement server that provides telephone network tones and 
announcements. 

4. The ATM based distributed network switching system (ADNSS) of claim 1, 

in which each A-IWF device further comprises a line access interworking function (LA-IWF) that 
interfaces with two or four wire loop customer premises devices that provide POTS, ISDN, Coin 
and xDSL telephony services. 

5. The ADNSS of claim 4, in which the LA-IWF further comprises a trunk access 
interworking function that converts end office voice trunks from TDM channels to ATM cells by 
employing a circuit emulation siervice. 
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6. The ADNSS of claim 4, in which each LA-IWF further ^ comprises a plurality of 
personality cards, each personality card; controlling the type of access the LA-IWF accommodates. 

7. The ADNSS of claim 1 , in which the A-IWF further comprises a private line access 
interworking function (PLA-IWF) device that supports dedicated bandwidth circuits interfacing 

5 with customer private lines. 

8. The ADNSS of claim 7, in which the private line circuits are setup and disconnected 
from a siiigle point of provisioning. 

9. the ADNSS of claim 7, in which the private line circuits each comprise an SVC that 
guarantees a pre-specified bandwidth. 

10 10. The ADNSS of claim 9, wherein if the SVC Ms, the SVC is released and another 

SVC is established so that the failed SVC is restored. 

11. A method for setting up and connecting a call across an ATM-based distributed 
network switching system comprising an originating LA-IWF, a terminating LX-IWF, and a 
LACPS, the method comprising: 

15 scanning access devices with the originating LA-IWF to detect an off-hook condition of 

one of the access devices; 

generating a dial tone from the LACPS and transmitting the dial tone via the originating 
LA-IWF to the off-hook access device- 
collecting dialed digits at the originating LA-IWF aiid forwarding the digits to the LACPS; 
20 . determining a routhig destination at the LACPS; 

informing the tenninating LA-IWF, associated with the routing destination, of a call 
termination request and an address ofthe originating LA-IWF; and 

estabhshing a network path from the terminating LA-IWF to the originating LA-IWF. 

12. The method of claim 11, in which the originating LA-IWF provides the dial tone to 
25 the off-hook access device. 

13. The method of claim 11, in which the informing further comprises informing the 
originating LA-IWF of an address of the terminating LA-IWF and a. port where the dialed digits 
reside; and 

establishing the network path further comprises estabhshing a network path from the 
30 originating LA-IWF to the terminating LA-IWF. 

14: The method of claim 11, in which the est&lisbing the network path further comprises 
the LACPS establishing a network path from the originating LA-IWF to the tenninating LA-IWF. 



31 



WO 01/91379 



---.£agH.34jpf 46 



WO 01/91379 PCT/USOl/10825 

15. the method of claim 1 1, further comprising the IAGPSiperfoimihg administrative 
: measurements, and imtiatmg billing of the call. 

16. A method for provisioning a private line in an ATM biased distributed network 
switching system, the method comprising: 

5 receiving an order for a dedicated circuit from an originating office to a terminating office; 

entering the order into a provisioning system to define the point to point circuit; 
determining idle port equipment; 
. . assigning a nailed up SVC from the originating office to the terminating office in a service 
order; 

10 informing a PLA-IWF associated with the originating office that the SVC needs to be 

. setup; 

formulating a message to setup the SVC; 

setting an internal cross connect from the port assigned by the service order to an ATM 
VPWCI assigned to the SVC; 
15 informing a PLA-IWF associated with the terminating office that a port assigned by the 

service order will be slaved to the originating office's assigned port; 
associating the ports; 

receiving the setup message from the originating office; and v-' re- 
setting the cross-connect between the assigned ATM VPIATCI and TDM port. 
20 17. An Asynchronous Transfer Mode (ATM) based distribute network switching system 

(ADNSS), comprising: 

an distributed ATM switching network; 

a plurality of access interworking function (A-IWF) devices each operating as a gateway 
interfkcing customer premises devices directly into the distributed ATM switching network; 
25 a centralized control and signaling interworiring function (CS-IWF) device that performs 

call control functions and administrative functions for call processing and control within the ATM 
switching network; 

wherein the ADNSS replaces a standard network backbone and allows a plurality of access 
types to interface into the ATM switching network. : ? 

30 18. The ADNSS of claim 17, in which each A-IWF further comprises a plurality of 

: personality cards, each personalis card controlling the type of access the A-IWF accommodates. 

19. An Asynchronous Transfer Mode (ATM) based distributed network switching system 
(ADNSS), comprising: 
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an distributed ATM switching network; 

a plurality of line access interworking function (IA-HVF) devices each operating as a 
gateway directly interfacing customer premises devices into the distributed ATM switching 
network, the LA-IWF interfacing with two or four wire loop customer premises devices that 
provide POTS, ISDN,; Gfein and xDSL telephony services; V"" 

a. centralized control and signaling interwpitong function (CS-tWF) device that performs 
call control functions and administrative functions and interfaces narrowband and broadband 
signaling for call processing and control within the ATM switcbmg network, the CS-IWF 
comprising a server farm comprising a signaling gateway thi interfaces the CS-IWF to a 



1.0 

through the ADNSS, and a feature s^er comprising a system management server that performs 
operations, administration, maintenance, and provisioning (OAM&P), a call control server that 
performs call control functions and device control functions for the A-IWFs, the call control server 
supporting, services and features supported by a telephone switch; and a tone arid announcement 

15 server that provides telephone network: tones and announcements; 

wherein the ADNSS replaces a standard network backbone and allows a plurality of access 
types to interface into the ATM switching network. 

20. The ADNSS of claim 1 9, in which each LA-IWF further comprises a plurality of 
personality, cards, each personality card controlling the type of access the LA-IWF accommodates. 

20 ;. : 21. The ADNSS of claim 20, in which the telephone switch comprises a Class 5 switch. 
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